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(57) ABSTRACT

Various embodiments provide LDMOS devices and fabrica-
tion methods. An N-type buried isolation region is provided in
a P-type substrate. A P-type epitaxial layer including a first
region and a second region is formed over the P-type sub-
strate. The first region is positioned above the N-type buried
isolation region, and the second region surrounds the first
region. An annular groove is formed in the second region to
surround the first region and to expose a surface of the N-type
buried isolation region. Isolation layers are formed on both
sidewalls of the annular groove. An annular conductive plug
is formed in the annular groove between the isolation layers.
The annular conductive plug is in contact with the N-type
buried isolation region at the bottom of the annular conduc-
tive plug. A gate structure of an LDMOS transistor is formed
over the first region of the P-type epitaxial layer.
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LDMOS DEVICE AND FABRICATION
METHOD

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims priority to Chinese Patent Appli-
cation No. CN201310341827 4, filed on Aug. 7, 2013, the
entire contents of which are incorporated herein by reference.

FIELD OF THE DISCLOSURE

The present disclosure relates to the field of semiconductor
manufacturing technology and, more particularly, relates to
LDMOS devices and their fabrication methods.

BACKGROUND

Metal-oxide-semiconductor field-effect transistor (MOS-
FET) may include vertical double-diffused MOSFET and
lateral double-diffused MOSFET. Comparing to the vertical
double-diffused MOSFET, the lateral double-diffused MOS-
FET has many more advantages, including better thermal
stability and frequency stability, higher gain and durability,
lower feedback capacitance and thermal resistance and con-
stant input impedance, and simpler biasing circuit.

FIG. 1 depicts a conventional N-type LDMOS transistor.
The conventional N-type LDMOS transistor includes a semi-
conductor substrate (not illustrated), a P-well 100 in the semi-
conductor substrate, an N-type drift region 101, and a STI
structure 104 in the N-type drift region 101. The STI structure
104 is used to increase the conduction path of the LDMOS
transistor to increase breakdown voltage of the LDMOS tran-
sistor. The conventional N-type LDMOS transistor also
includes a gate 105 formed on the semiconductor substrate.
The gate 105 is formed cross over the P-well and the N-type
drift region 101 and is partially located on the STI structure
104. The conventional N-type LDMOS transistor also
includes an N-doped source region 102 in the P-well and an
N-doped drain region 103 in the N-type drift region. The
N-doped source region 102 and N-doped drain region 103 are
formed on both sides of the gate 105.

However, it is desirable to improve isolation performance
between the LDMOS transistor and other semiconductor
devices, and also between the LDMOS transistor and the
semiconductor substrate.

BRIEF SUMMARY OF THE DISCLOSURE

One aspect or embodiment of the present disclosure
includes a method for forming an LDMOS device. An N-type
buried isolation region is provided in a P-type substrate. A
P-type epitaxial layer is formed over the P-type substrate, the
P-type epitaxial layer including a first region and a second
region. The first region is positioned above the N-type buried
isolation region, and the second region surrounds the first
region. An annular groove is formed in the second region of
the P-type epitaxial layer. The annular groove surrounds the
first region of the P-type epitaxial layer and exposes a surface
of'the N-type buried isolation region at a bottom of the annu-
lar groove. Isolation layers are formed on both sidewalls of
the annular groove. An annular conductive plug is formed in
the annular groove between the isolation layers. The annular
conductive plug is in contact with the N-type buried isolation
region at the bottom of the annular conductive plug. A gate
structure of an LDMOS transistor is formed over the first
region of the P-type epitaxial layer.
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One aspect or embodiment of the present disclosure also
includes an LDMOS device. The LDMOS device includes a
P-type substrate, an N-type buried isolation region, a P-type
epitaxial layer, isolation layers, an annular conductive plug,
and/or a gate structure of an LDMOS transistor. The N-type
buried isolation region is disposed in the P-type substrate. The
P-type epitaxial layer is disposed over the P-type substrate,
the P-type epitaxial layer including a first region and a second
region. The first region is positioned above the N-type buried
isolation region, and the second region surrounds the first
region. The second region of the P-type epitaxial layer
includes an annular groove surrounding the first region of the
P-type epitaxial layer and exposing a surface of the N-type
buried isolation region at a bottom of the annular groove. The
isolation layers are disposed on both sidewalls of the annular
groove. The annular conductive plug is in the annular groove
between the isolation layers and is in contact with the N-type
buried isolation region at the bottom of the annular conduc-
tive plug. The gate structure of the LDMOS transistor is
disposed over the first region of the P-type epitaxial layer.

Other aspects or embodiments of the present disclosure can
beunderstood by those skilled in the art in light of the descrip-
tion, the claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a conventional LDMOS transistor;

FIGS. 2-9 depict an exemplary LDMOS device at various
stages during its formation consistent with various disclosed
embodiments; and

FIG. 10 depicts an exemplary method for forming an
LDMOS device consistent with various disclosed embodi-
ments.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
embodiments of the disclosure, which are illustrated in the
accompanying drawings. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts. For illustration purposes, the schematic
drawings may be not to scale. The schematic drawings are
solely illustrative, and should not limit the scope of the
present disclosure. In addition, three-dimensional scales of
length, width and depth should be included in practical fab-
rication process.

LDMOS transistors are power devices and thus, when in
operation, high voltages have to be applied thereto. To ensure
proper functioning of other low voltage devices formed on the
semiconductor substrate, an LDMOS transistor needs to be
isolated from other devices on the semiconductor substrate.
As shown in FIG. 1, current isolation techniques often include
forming an N-type isolation ring 106 in the P-well 100 by ion
implantation. A positive voltage may be applied to the N-type
isolation ring 106 to reverse bias between the N-type isolation
ring 106 and the P-well 100 such that the LDMOS transistor
can be cut off from its surrounding devices and to prevent
adverse effect of a heavy current lateral diffusion under high
voltages on the surrounding devices.

To ensure the isolation effect, the N-type isolation ring 106
needs to be deeply and heavily doped with a high doping
depth and a high doping concentration. However, the N-type
isolation ring 106 is formed by ion implantation. When ions
are doped with depth to certain extent, the ion implantation
process can hardly provide desired doping concentration.
Consequently, the width of the N-type isolation ring 106 has
to be dramatically increased to assure desired isolation effect.
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The N-type isolation ring 106 then takes up a large area on the
semiconductor substrate, which is detrimental to improving
degree of integration of the formed device. Additionally, the
N-type isolation ring 106 may have effective isolation in a
lateral direction, but may have significantly-limited isolation
effect in a vertical direction.

Disclosed herein provides LDMOS devices and methods
for forming the LDMOS. An exemplary LDMOS device can
include an isolation structure including an annular conductive
plug, anisolation layer, and an N-type buried isolation region
to realize great horizontal and vertical isolation between the
LDMOS transistor and other devices formed on/in the sub-
strate. Moreover, the use of the annular conductive plug and
isolation layer allows the formed device to have a relatively
small volume.

FIGS. 2-9 depict an exemplary LDMOS device at various
stages during its formation, and FIG. 10 depicts an exemplary
method for forming an LDMOS device consistent with vari-
ous disclosed embodiments.

Referring to FIG. 2, a P-type substrate 200 is provided. An
N-type buried isolation region 217 is formed in the P-type
substrate 200 (e.g., in Step 110 of FIG. 10). In one embodi-
ment, the N-type buried isolation region 217 may have a top
surface flushed with the top surface of the P-type substrate
200. A P-type epitaxial layer 201 is formed on the P-type
substrate 200 and includes a first region 21 and a second
region 22 (e.g., in Step 120 of FIG. 10). The first region 21 is
positioned above the N-type buried isolation region 217,
while the second region 22 surrounds the first region 21.

The material of the P-type substrate 200 can be Si, Ge,
GeSi, SiC or other suitable semiconductor materials. In one
embodiment, the P-type substrate 200 is Si. The P-type sub-
strate 200 can be doped with P-type impurity ions. The P-type
impurity ions can include boron ions, gallium ions, indium
ions, or combinations thereof.

The N-type buried isolation region 217 formed in the
P-type substrate 200 can be used to vertically isolate the
subsequently-formed LDMOS transistor from the P-type
substrate 200. When the LDMOS transistor is in operation, a
positive voltage can be applied to the N-type buried isolation
region 217. The PN junction between the N-type buried iso-
lation region 217 and the P-type substrate 200 is thus
reversely biased to achieve isolation between the N-type bur-
ied isolation region 217 and the P-type substrate 200.

The N-type buried isolation region 217 is formed by
implanting N-type ions into the P-type substrate 200. The
N-type ions can include phosphorus ions, arsenic ions, anti-
mony ions, or combinations thereof. The concentration of
impurity ions in the N-type buried isolation region 217 is
sufficiently high, so that the PN junction between the N-type
buried isolation region 217 and the P-type substrate 200 can
be easily reversely biased with great junction depth to
improve vertical isolation of the device shown in FIG. 1. For
example, the impurity ions can have a concentration ranging
from about 1E18 atom/cm? to about 1E22 atom/cm?, such as
from about 1E18 atom/cm? to about 2E21 atom/cm?, includ-
ing about 1E19 atom/cm®, about 2E19 atom/cm?>, about 1E20
atom/cm’, about 9E20 atom/cm?, in the N-type buried isola-
tion region 217.

The P-type epitaxial layer 201 formed on the P-type sub-
strate 200 can include the first region 21 and the second region
22 surrounding the first region 21. For example, the first
region 21 can be located in the center while the second region
22 can be located on the edge. The first region 21 can be
positioned exactly above the N-type buried isolation region
217 having an area less or slightly less than an area of the
N-type buried isolation region 217. An LDMOS transistor
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can be subsequently formed in the first region 21 of the P-type
epitaxial layer 201, and an annular isolation structure (e.g.,
including isolation layers and an annular conductive plug)
can be subsequently formed in the second region 22 of the
P-type epitaxial layer 201.

The P-type epitaxial layer 201 can be formed by an epi-
taxial process. During the epitaxial process, P-type impurity
ions can be in-situ doped into the epitaxial layer. The P-type
impurity ions can be boron ions, gallium ions, indium ions or
combinations thereof. The P-type epitaxial layer 201 and the
P-type substrate 200 can be made of same or different mate-
rials. In one embodiment, the P-type epitaxial layer 201 is
made of Si.

Referring to FIG. 3, an annular groove 202 is formed in the
second region 22 of the P-type epitaxial layer 201 (e.g., in
Step 130 of FIG. 10). The annular groove 202 can be formed
surrounding or bordering the first region 21 of the P-type
epitaxial layer 201. The annular groove 202 can have a bottom
to expose a surface of the N-type buried isolation region 217
in the P-type substrate 200.

The annular groove 202 can be formed by, e.g., firstly,
forming a mask layer (not illustrated) on the P-type epitaxial
layer 201. The mask layer can have an opening to expose the
surface of the P-type epitaxial layer 201. The opening can
have a position and a width corresponding to the annular
groove 202 to be formed. The annular groove 202 can be
formed in the P-type epitaxial layer 201 by etching the P-type
epitaxial layer 201 along the annular groove 202.

The P-type epitaxial layer 201 can be etched by, e.g., a dry
etching process such as a plasma etching process using chlo-
rine-containing or bromine-containing gas or a mixture
thereof.

Isolation layers can be formed on the sidewalls of the
annular groove 202. The isolation layers can be used to lat-
erally, electrically isolate the LDMOS transistor formed in
the first region 21 from other devices formed outside of the
first region 21 in the P-type epitaxial layer 201. An annular
conductive plug is subsequently formed to fill up the annular
groove 202 by conductive material(s). The bottom of the
annular conductive plug can be in contact with the underlying
N-type buried isolation region 217. A positive voltage can
then applied to the N-type buried isolation region 217 through
the annular conductive plug to reversely bias the PN junction
between the N-type buried isolation region 217 and the P-type
substrate 200. The vertical isolation between the LDMOS
transistor and the P-type substrate 200 can be realized.

In one embodiment, a portion of the annular groove 202 is
located in the N-type buried isolation region 217. That is
because after etching the P-type epitaxial layer 201. For
example, an over-etching is implemented when etching the
N-type buried isolation region 217 to form the annular groove
202. Such over-etching can increase depth of the annular
groove 202 into the N-type buried isolation region 217.
Therefore when the annular groove 202 is filling up with the
conductive material(s), the generated annular conductive
plug can fully contact the N-type buried isolation region 217.
This can avoid the poor contact between the two surfaces of
the N-type buried isolation region 217 and the annular con-
ductive plug in the annular groove 202.

The annular groove 202 can have a depth portion formed in
the N-type buried isolation region 217 of about 0.5 microme-
ter to about 1 micrometer, in order to maximize contact effect
between the annular conductive plug to be formed in the
annular groove 202 and the N-type buried isolation region
217.

The annular groove 202 can have a total depth of about 3.5
micrometers to about 5.5 micrometers and a width of about
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0.6 micrometer to about 1.2 micrometers. Comparing to con-
ventional method of using PN junctions for lateral isolations,
the disclosed use of a lateral isolation structure including an
annular conductive plug and isolation layer(s) in the annular
groove 202 can provide a much smaller device size. This can
improve the degree of integration of the formed devices.

Referring to FIG. 4, isolation layers 203 are formed on
sidewalls of the annular groove 202 (e.g., in Step 140 of FIG.
10).

As the isolation layers 203 are formed on both sidewalls of
the annular groove 202, the isolation layers 203 can also
surround or border the first region 21 of the P-type epitaxial
layer 201. The isolation layers 203 can realize the lateral
isolation between the LDMOS transistor subsequently
formed in the first region 21 and other devices formed outside
of the first region 21.

The thickness of the isolation layers 203 can be about 500
A to about 3000 A. The isolation layers 203 can be made of a
material including, e.g., SiO,, SiN, SiON, SiCN, SiC, or a
combination thereof. In this manner, the isolation layers can
have a small volume and can provide desired isolation effect
when the LDMOS transistor is operated under high voltages.

The isolation layers 203 can be a single layer or a multi-
layer stacked structure. The isolation layers 203 can be
formed by, e.g., using a deposition process to form an isola-
tion material layer on sidewalls and surfaces of the annular
groove 202 and on the P-type epitaxial layer 201. The isola-
tion material layer can then be etched by a maskless etching to
form the isolation layers 203 on the sidewalls of the annular
groove 202 as shown in FIG. 4.

Referring to FIG. 5, an annular conductive plug 204 is
formed in the annular groove 202 between the isolation layers
203 on sidewalls of the annular groove 202 (e.g., in Step 150
of FIG. 10). The bottom of the annular conductive plug 204
can be in contact with the N-type buried isolation region 217.

The annular conductive plug 204 can be electrically con-
nected to the N-type buried isolation region 217. A positive
voltage can be applied to the N-type buried isolation region
217 through the annular conductive plug 204 such that the PN
junction between the N-type buried isolation region 217 and
the P-type substrate 200 can be reversely biased. This can
provide vertical isolation between the subsequently-formed
LDMOS transistor and the P-type substrate 200 to avoid
effect of the high voltage and the high current generated by an
operating LDMOS transistor on other semiconductor devices
formed outside of the first region 201 in the P-type substrate
200 via the P-type substrate 200.

The annular conductive plug 204 can be made of a material
including polysilicon. Use of polysilicon can prevent the
metal ion contamination during an early process including the
device manufacturing process to improve the performances
of the LDMOS transistor and other semiconductor devices.

The exemplary polysilicon can be doped with high concen-
tration of N-type impurity ions, so that the annular conductive
plug 204 has alow resistance and have an increased efficiency
for absorbing carriers to effectively prevent crosstalk noises.

Exemplary N-type impurity ions can include phosphorus
ions, arsenic ions, antimony ions, or combinations thereof.
The concentration of the N-type impurity ions in the exem-
plary polysilicon can be about 1E19 atom/cm? to about SE20
atom/cm?.

The annular conductive plug 204 can be formed by, e.g.,
forming a conductive material layer (not illustrated) on sur-
face of the P-type epitaxial layer 201 and in the annular
groove 202 to fill up the annular groove 202. When forming
the conductive material layer, N-type ions can be in-situ
doped in the conductive material layer. The conductive mate-

30

40

45

6

rial layer can then be planarized so as to expose the surface of
the P-type epitaxial layer 201. Remaining conductive mate-
rial layer in the annular groove 202 can form the annular
conductive plug 204 in the annular groove 202.

Referring to FIG. 6, a first shallow trench isolation (STI)
structure 206 and a second ST structure 208 are formed in the
first region 21 of the P-type epitaxial layer 201. An annular
STI structure 207 is formed on both sides of the isolation
layers 203 in the annular groove 202.

The first STI structure 206, as a part of the LDMOS tran-
sistor to be formed later, can be used to increase a path length
of'a source-drain circuit generated between the source region
and the drain region.

The second STI structure 208 can be used for the isolation
between the subsequently formed body doped ring and the
source/drain regions of the LDMOS transistor in the first
region 21.

The annular STI structure 207 can be formed on both sides
of' the isolation layers 203 and surrounding the isolation lay-
ers 203 such that the upper portions of the isolation layers 203
and the annular conductive plug 204 (or the annular groove
202) pass through the annular STI structure 207 to isolate the
annular conductive plug 204 from the P-type epitaxial layer
201. This can prevent, when a high voltage is applied to the
annular conductive plug 204, leakage current from the surface
of the annular conductive plug 204 to the P-type epitaxial
layer 201 to vary the electrical potential of the P-type epi-
taxial layer 201.

The first STI structure 206, the second STI structure 208,
and the annular STI structure 207 can be made of same or
different materials, for example, including SiO,, SiN, SiON,
SiCN, SiC, or a combination thereof. The first STI structure
206, the second STI structure 208, and the annular STT struc-
ture 207 do not contact each other.

The first STI structure 206, the second STI structure 208,
and the annular STI structure 207 can be formed by, e.g.,
forming a first trench and a second trench (not illustrated) in
the first region 21 and forming a third trench (not illustrated)
in the second region 22. An isolation layer can then be formed
on surface of the P-type epitaxial layer 201 and in the first,
second, and third trenches to fill up the first, second, and third
trenches. The isolation layer can then be planarized to expose
the surface of the P-type epitaxial layer 201 with remaining
isolation layers in the first trench to form the first STT struc-
ture 206, in the second trench to form the second ST1 structure
208, and in the third trench to form the annular STI structure
207.

In one embodiment, the first STT structure 206, the second
STI structure 208, and the annular STT structure 207 can be
formed after the formation of the annular groove 202 (as
shown in FIG. 3).

In other embodiments, the first STI structure 206, the sec-
ond STI structure 208, and the annular STI structure 207 can
be formed before the formation of the annular groove 202. For
example, after forming the P-type epitaxial layer 201 over the
P-type substrate 200, the first STI structure 206, the second
STI structure 208, and the annular STT structure 207 can be
formed in the P-type epitaxial layer 201. Then, by etching the
annular STI structure 207 and the P-type epitaxial layer 201
on the bottom of the annular STT structure 207, an annular
groove 202 can be formed through the annular STI structure
207 and the P-type epitaxial layer 201. Such exemplary
method can prevent damage to the isolation layer 203 formed
on the sidewalls of the annular groove 202.

Still referring to FIG. 6, an N-type drift region 209 can be
formed in the first region 21 of the P-type epitaxial layer 201
by ion implantation of N-type ions. The N-type drift region
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209 can be a part of the LDMOS transistor to be formed. The
first STT structure 206 can be totally inside of the N-type drift
region 209, while the second STI structure 208 can be posi-
tioned partially inside the N-type drift region 209 as shown in
FIG. 6.

A P-type body region 218 can be formed by ion implanting
P-type ions in the P-type epitaxial layer 201 between another
second STI structure 208 and the N-type drift region 209. The
function of the P-type body region 218 is to adjust the thresh-
old voltage of the subsequently-formed LDMOS transistor. A
source of the LDMOS transistor can be subsequently formed
in the P-type body region 218.

After implanting the N-type ions (and/or the P-type ions) to
form the N-type drift region 209 (and/or the P-type body
region 218), an annealing process can be conducted to acti-
vate the doped ions. The annealing process can take about 20
seconds to about 30 seconds at a temperature greater than
about 1000° C.

Referring to FIG. 7, a gate structure 212 is formed over the
first region 21 of the P-type epitaxial layer 201. The gate
structure 212 can cover portions of each of the P-type epi-
taxial layer 201, the P-type body region 218, the first STI
structure 206, and the N-type drift region 209 (e.g., an area
between the P-type epitaxial layer 201 and the first STI struc-
ture 206).

Referring to FIG. 8, a source region 213 is formed in the
P-type epitaxial layer 201 (or in the P-type body region 218)
on one side of the gate structure 212. A drain region 214 is
formed in the N-type drift region 209 on the other side of the
gate structure 212 (e.g., in Step 160 of FIG. 10).

The gate structure 212 can include a gate dielectric layer
211 formed on the P-type epitaxial layer 201, a gate electrode
210 formed on the gate dielectric layer 211, and sidewall
spacers on sidewalls of both the gate dielectric layer 211 and
the gate electrode 210.

In one embodiment, the gate dielectric layer 211 can be
made of silicon oxide, while the gate electrode 210 can be
made of polysilicon. In another embodiment, the gate dielec-
tric layer 211 can be made of high-K dielectric materials,
while the gate electrode 210 can be made of metal.

The sidewall spacers can include a single layer or a multi-
layer stacked structure. The source region 213 and the drain
region 214 can be formed by ion implantation process. The
implanted ions can be N-type ions.

As disclosed herein, an exemplary LDMOS transistor can
include: the N-type drift region 209 formed in the first region
21 of the P-type epitaxial layer 201; the first ST structure 206
formed in the N-type drift region 209; the gate structure 212
formed on the first region 21 of the P-type epitaxial layer 201
to cover the P-type epitaxial layer 201, the first STI structure
206, and an area of the N-type drift region 209 between the
P-type epitaxial layer 201 and the first STI structure 206; the
source region 213 formed in the P-type epitaxial layer 201 on
one side of the gate structure 212; and/or the drain region
formed in the N-type drift region 209 on the other side of the
gate structure 212.

Referring to FIG. 9, a body doped ring 215 is formed in the
first region 21 of the P-type epitaxial layer 201, and an isola-
tion ring 216 is formed in the second region 22 of the P-type
epitaxial layer 201.

Both of the body doped ring 215 and the isolation ring 216
can be formed by an ion implantation process. The implanted
ions can be P-type ions. The body doped ring 215 can be
formed in the P-type epitaxial layer 201 and located between
the annular STI structure 207 and one of second STI struc-
tures 208.
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The body doped ring 215 can be electrically connected to a
zero potential or a negative potential, so that the P-type epi-
taxial layer 201 is in the zero potential or the negative poten-
tial. In this manner, the electrical potential of the channel
region under the gate structure 212 can be controlled and
adjusted.

Various embodiments thus include an LDMOS device,
e.g., as shown in FIG. 9. The LDMOS device can include: a
P-type substrate 200 including an N-type buried isolation
region 217 therein; and a P-type epitaxial layer 201 formed on
the P-type substrate 200, the P-type epitaxial layer 201
including a first region 21 and a second region 22. The first
region 21 can be located above the N-type buried isolation
region 217, while the second region 22 can surround the first
region 21.

The LDMOS device can also include an annular groove
202 formed in the second region 22 of the P-type epitaxial
layer 201. The annular groove 202 can surround the first
region 21 of the P-type epitaxial layer 201. The annular
groove 202 can expose a surface of the N-type buried isola-
tion region 217 at the bottom of the annular groove 202.

The annular groove 202 can include isolation layers 203 on
both sidewalls of the annular groove 202, and an annular
conductive plug 204 located between the isolation layers 203
and in the annular groove 202. The annular conductive plug
207 can be in contact with the underlying N-type buried
isolation region 217. The LDMOS transistor can be thus
located in the first region 21 of the P-type epitaxial layer 201.

The LDMOS transistor can further include: an N-type drift
region 209 positioned in the first region 21 of the P-type
epitaxial layer 201; a first STT structure 206 positioned in the
N-type drift region 209; a gate structure 212 formed on the
first region 21 of the P-type epitaxial layer 201 to cover a
portion of the P-type epitaxial layer 201, a portion of the first
STI structure 206, and an area of the N-type drift region 209
between the P-type epitaxial layer 201 and the first STI struc-
ture 206; a source region 213 located on one side of the gate
structure 212 and in the P-type epitaxial layer 201; and/or a
drain region 214 located on the other side of the gate structure
212 and in the N-type drift region 209.

The isolation layers 203 can have a thickness ranging from
about 500 A to about 3000 A. The isolation layers 203 can be
made of a material including SiO,, SiN, SiON, SiCN, SiC, or
a combination thereof.

The annular conductive plug 204 can be made of polysili-
con. The exemplary polysilicon annular conductive plug can
be doped with N-type ions having a concentration of about
1E19~5E20 atom/cm®.

The annular groove 202 can have a depth ranging from
about 3.5 micrometers to about 5.5 micrometers and a width
ranging from about 0.6 micrometer to about 1.2 micrometers.
A depth portion of the annular groove can be located in the
N-type buried isolation region 217, the depth portion having
a depth of about 0.5 micrometer to 1 micrometer.

The N-type buried isolation region 217 can include N-type
impurity ions having a concentration ranging from about
1E18 atom/cm® to about 1522 atom/cm®. The annular STI
structure 207 is located in the second region 22 ofthe P-type
epitaxial layer 201. An upper portion of the annular groove
202 can pass through the annular STT structure 207.

The disclosed devices and methods provide desired isola-
tion performance with reduced dimensions due to formation
of the deep annular groove that is connected to an N-type
buried isolation region in a P-type substrate for device isola-
tion. Further, isolation layers on sidewalls of the deep annular
groove that are connected to the N-type buried isolation
region can be used for lateral isolation such that device size
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can be reduced. For example, a 40V LDMOS device can have
a reduced area on a wafer, e.g., reduced by about 30% and
greater. The deep annular groove having isolation layers
thereon can turn the lateral isolation from a PN junction-
based isolation to isolation-layer-based isolation. In addition,
polysilicon can be used for the annular conductive plug to
effectively absorb carriers.

The embodiments disclosed herein are exemplary only.
Other applications, advantages, alternations, modifications,
or equivalents to the disclosed embodiments are obvious to
those skilled in the art and are intended to be encompassed
within the scope of the present disclosure.

What is claimed is:

1. A method for forming an LDMOS device, the method
comprising:

providing an N-type buried isolation region in a P-type

substrate;

forming a P-type epitaxial layer over the P-type substrate,

the P-type epitaxial layer including a first region and a
second region, wherein the first region is positioned
above the N-type buried isolation region, and the second
region surrounds the first region;

forming an annular groove in the second region of the

P-type epitaxial layer, wherein the annular groove sur-
rounds the first region of the P-type epitaxial layer and
exposes a surface of the N-type buried isolation region at
a bottom of the annular groove;

forming isolation layers on both sidewalls of the annular

groove;

forming an annular conductive plug in the annular groove

between the isolation layers, wherein the annular con-
ductive plug is in contact with the N-type buried isola-
tion region at the bottom of the annular conductive plug;
and

forming a gate structure of an LDMOS transistor over the

first region of the P-type epitaxial layer.

2. The method according to claim 1, wherein each of the
isolation layers has a thickness ranging from about 500 A to
about 3000 A.

3. The method according to claim 1, wherein the isolation
layers are made of a material including SiO,, SiN, SiON,
SiCN, SiC, or a combination thereof.

4. The method according to claim 1, wherein the annular
conductive plug is made of a material including polysilicon,
wherein the polysilicon is a doped polysilicon.

5. The method according to claim 4, wherein the annular
conductive plug is N-doped by N-type ions having a concen-
tration of about 1E19 atom/cm’ to about 5E20 atom/cm® in
the annular conductive plug.

6. The method according to claim 1, wherein the annular
groove has a depth ranging from about 3.5 micrometers to
about 5.5 micrometers, and a width ranging from about 0.6
micrometer to about 1.2 micrometers.

7. The method according to claim 1, wherein the annular
groove or the annular conductive plug has a depth portion
located in the N-type buried isolation region.

8. The method according to claim 7, wherein the depth
portion of the annular groove or the annular conductive plug
located in the N-type buried isolation region ranges from
about 0.5 micrometer to about 1.0 micrometer.

9. The method according to claim 1, wherein forming the
N-type buried isolation region includes an ion implantation
with N-type ions, the N-type ions having a concentration
ranging from about 1E18 atom/cm? to about 2E21 atom/cm>
in the N-type buried isolation region.
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10. The method according to claim 1, further including:

forming an annular shallow trench isolation (STI) structure
in the P-type epitaxial layer on both sides of the annular
groove such that the annular groove has an upper portion
located in the annular STI structure and through the
annular STT structure.

11. The method according to claim 1, wherein the LDMOS

transistor is formed including:
forming an N-type drift region in the first region of the
P-type epitaxial layer,
forming an STI structure in the N-type drift region,
wherein the gate structure covers a portion of the P-type
epitaxial layer, a portion of the STI structure, a portion of
the N-type drift region between the P-type epitaxial
layer and the STI structure,
forming a source region in the P-type epitaxial layer on one
side of the gate structure, and
forming a drain region in the N-type drift region on an other
side of the gate structure.
12. An LDMOS device, comprising:
a P-type substrate;
an N-type buried isolation region disposed in the P-type
substrate;
a P-type epitaxial layer disposed over the P-type substrate,
the P-type epitaxial layer including a first region and a
second region,
wherein the first region is positioned above the N-type
buried isolation region, and the second region sur-
rounds the first region,

wherein the second region of the P-type epitaxial layer
includes an annular groove, and

wherein the annular groove surrounds the first region of
the P-type epitaxial layer and exposes a surface of the
N-type buried isolation region at a bottom of the annu-
lar groove;

isolation layers disposed on both sidewalls of the annular
groove;

an annular conductive plug in the annular groove between
the isolation layers, wherein the annular conductive plug
is in contact with the N-type buried isolation region at
the bottom of the annular conductive plug; and

a gate structure of an LDMOS transistor disposed over the
first region of the P-type epitaxial layer.

13. The LDMOS device according to claim 12, wherein
each ofthe isolation layers has a thickness ranging from about
500 A to about 3000 A and is made of a material including
Si0,, SiN, SiON, SiCN, SiC, or a combination thereof.

14. The LDMOS device according to claim 12, wherein the
annular conductive plug is made of a material including poly-
silicon, and wherein the annular conductive plug is N-doped
by N-type ions having a concentration of about 1E19 atom/
cm’ to about 5SE20 atom/cm? in the annular conductive plug.

15. The LDMOS device according to claim 12, wherein the
annular groove has a depth ranging from about 3.5 microme-
ters to about 5.5 micrometers, and a width ranging from about
0.6 micrometer to about 1.2 micrometers.

16. The LDMOS device according to claim 12, wherein the
annular groove or the annular conductive plug has a depth
portion located in the N-type buried isolation region, the
depth portion of the annular groove or the annular conductive
plug located in the N-type buried isolation region ranging
from about 0.5 micrometer to about 1.0 micrometer.

17. The LDMOS device according to claim 12, wherein the
N-type buried isolation region includes N-type ions doped
having a concentration ranging from about 1E18 atom/cm? to
about 1 E22 atom/cm? in the N-type buried isolation region.
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18. The LDMOS device according to claim 12, further
including an annular shallow trench isolation (STI) structure
disposed in the P-type epitaxial layer on both sides of the
annular groove such that the annular groove has an upper
portion located in the annular STI structure and through the
annular STT structure.
19. The LDMOS device according to claim 12, wherein the
LDMOS transistor further includes:
an N-type drift region disposed in the first region of the
P-type epitaxial layer,

an STI structure disposed in the N-type drift region,
wherein the gate structure covers a portion of the P-type
epitaxial layer, a portion of the STI structure, a portion of
the N-type drift region between the P-type epitaxial
layer and the STT structure,

a source region disposed in the P-type epitaxial layer on

one side of the gate structure, and

a drain region disposed in the N-type drift region on other

side of the gate structure.

20. The LDMOS device according to claim 12, wherein the
first region is positioned exactly above the N-type buried
isolation region having a length less than a length of the
N-type buried isolation region, such that the bottom of the
annular groove in the second region is entirely in contact with
the N-type buried isolation region in the P-type substrate.
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